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RESEARCH ON RELATIONSHIP BETWEEN FREIGHT TRANSPORT AND 
TRANSPORT INFRASTRUCTURE IN SELECTED EUROPEAN COUNTRIES 
 
Summary. The article deals with research on the relationship between the performance 
of road and rail freight transport and transport infrastructure in EU countries. The authors 
of the article examined the relationship between transport performance and transport 
infrastructure by correlation and regression analyses. Verification of the statistical 
significance of the regression model was also performed. The main objective of the 
contribution is to find out what are the relationships and influences between transport 
infrastructure and development of transport performance. Research has shown that the 
strength of the relationship between transport infrastructure and transport performance is 
different for states. There are strong dependencies as well as strong independent 
relationships between the transport infrastructure and transport performance. 
 
 
1. INTRODUCTION 
 
Transport is an indispensable basis for the support of almost all sectors of the economy. It is 
necessary to support and safeguard social and economic processes connected to transport [1]. 
Transport services are important for economic growth and society development [2]. It has a wider 
effect on microeconomic factors of productivity such as the labor market, domestic and international 
trade, investment and innovation. Transport infrastructure is an integral part of a transport system of 
any city or state. In connection to the development of societies and intensification of international 
relations owing to the globalization processes, the importance of transport as a factor for economic 
and social development has enhanced [3]. Infrastructure development is one of the visible signs of 
technological progress. Many studies state that transport infrastructure is one of the most important 
factors for the regions’ development, which enables the creation of new businesses or supports 
contacts with other regions. Many different factors affect the economic growth, but they are all 
directly or indirectly related to infrastructure development [4, 5]. As an example, it may be given that 
the construction of motorways increases regional accessibility and enhances human activities along 
the transportation routes. Well-developed transport infrastructure can be seen as a precondition for 
regional economic integration. For instance, transport of agricultural products can develop faster and 
faster in farming areas. Transport accessibility is determined by the way the area is developed, making 
it possible to move in various conditions [6]. What is the correlation between the development of the 
transport infrastructure and the growth of the freight transport performance in road and rail transport? 
Growth in transport performance is related to the growth of gross domestic product [19]. Does the 
pace of changes in transport infrastructure increase transport performance in selected European 
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countries? These two-research questions were taken into consideration by authors and are discussed in 
this contribution. 
 
 
2. THE IMPORTANCE OF TRANSPORT INFRASTRUCTURE 
 
One of the most important presumption and factors of the social and economic development of the 
states and their regions is road infrastructure. This is also true in the Slovak Republic, as road transport 
is the most widespread transport sector [7]. 
The development of transport infrastructure has been regarded long as the main instrument for 
promotion of economic development. Several studies point to a close link between investment in 
infrastructure and the economic development of a region [8, 9, 10]. Among the different types of 
infrastructure, transport infrastructure is considered to be one of the most important by the policy 
makers, as transportation costs are very crucial in decision on companies’ locations as well as 
economic development of a region. However, it has been a matter of debate whether development of 
transport infrastructure promotes economic development or economic development promotes 
development of transport infrastructure or there is each other feedback effect. Each of these points of 
view has found theoretical support. Endogenous growth theory supports the view that investment in 
infrastructure promotes economic development [11- 14]. On the contrary, according to Wagner’s law, 
economic development leads to investment in public infrastructure [15, 16]. Tuhin Subhra Maparu and 
Tarak Nath Mazumder showed existence of long-run relationship between transport infrastructure and 
economic development and that the direction of causality is from economic development to transport 
infrastructure in most of the cases, thus drawing support in favor of Wagner’s law [17]. 
It can be stated that from a spatial point of view, the transport network of the Slovak Republic is 
relatively well developed and sufficiently covers the territory of the Republic. The biggest problem is 
the currently unfinished sections of motorways and express roads. The reconstruction of the railway 
routes is also progressing slowly. However, compared with more advanced countries of Europe and in 
particular in terms of the claims placed on it, its quality is very bad. There are also regional differences 
in the quality of transport networks, which can have consequences in terms of increasing economic 
and social disparities between different parts of the country. 
Practice shows that the quality of transport infrastructure is an aspect that determines the direction 
of foreign investment. However, it is not possible to assert with certainty that foreign investments 
would always be directed to the region in building a sufficient transport infrastructure. 
To explore the issue, chosen countries (countries are showed in tab.1) in Europe were selected to 
obtain all the necessary data on spent power and infrastructure at the same time for both road and rail 
branches of transport. Therefore, data and research are reported for selected countries only. The 
authors have been able to analyze this process for 27 countries for road transport and 26 countries for 
rail transport. 
In the graph given in Fig. 1, it is possible to see that the length of infrastructure for these countries 
together gradually increases. Based on this development, it could also be expected to increase 
transport performance. The development and length of road infrastructure is differentiated for 
individual European countries. It can be argued that almost all the countries have seen the growth of 
infrastructure. Decrease of infrastructure length occurred in Czech Republic, Germany*, Spain, 
Croatia, Latvia, and Netherland. 
Based on this development, increment of transport performance could also be expected. The 
development and length of road infrastructure is different for individual European countries. It can be 
argued that almost all countries have seen the growth of infrastructure. Decrease occurred in Czech 
Republic, Germany*, Croatia, Latvia and Slovenia.  
The table 1 shows the length of the road network in Europe. From the European Statistical Office 
(Eurostat) database, data were selected in the category “Length of other roads by category of roads”. 
Data in the so-called category "Total" include state roads, provincial roads and communal roads.  
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Fig. 1. Development of road infrastructure for selected European countries for the period 2010-2016 
 
Table 1 
Length of road infrastructure (Total) in selected European countries (km) 
 
 
* Germany (Total includes data only for state roads and provincial roads). 
 
Fig. 2 shows the development of railway infrastructure for the countries together. Growth in the 
years 2004 to 2016 was fluctuating. Compared with 2004 and 2017, there is a decline in infrastructure 
length in almost all the countries. The increase between 2004 and 2017 is confirmed in case of nine 
countries (Ireland, Spain, Latvia, Lithuania, Luxembourg, Hungary, Netherlands, Norway, 
Switzerland and Slovakia). 
 
 
 
Fig. 2. Development of railway infrastructure length in selected countries in 2010-2016. 
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In Table 2, the authors present the data connected to the entire length of railway infrastructure for 
individual countries of Europe. The data were obtained from the Eurostat database in the “Length of 
tracks- Total” category. Data in the “Total” category include electrified and non-electrified rail tracks. 
 
Table 2 
Length of railway infrastructure in European countries (km) 
 
 
 
 
3. THE DEVELOPMENT OF TRANSPORT PATHWAYS AND ROAD  
    TRANSPORTATION IN EU COUNTRIES 
 
3.1. Road freight transport 
 
Fig. 3 illustrates the development of road freight transport performance in selected European 
countries. 
 
 
 
Fig. 3. Development of transport performance of road freight transport in European countries 
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When comparing transport performance and infrastructure in road freight transport (Fig. 3), it is 
clear that between 2004 and 2012, there is a difference in development. Since 2012, transport 
performance has begun to increase. From this year onward, the transport performance and 
infrastructure length of the countries have been steadily rising. This estimation would suggest that 
there is a strong correlation between transport performance and the length of the infrastructure. 
However, it is important to examine these relationships for each country. This relationship is 
addressed by authors in section 3 of the paper. 
Tables 3 and 4 show the statistical data on transport performance in case of freight road transport. 
Data are expressed individually for selected European countries. Outputs are expressed in millions of 
tonne-kilometers. The tonne-kilometer ratio is a more reliable indicator because the performance 
measured only in the tonnes of transferred tonnage would not take into consideration the number of 
kilometers driven by the transport infrastructure with use of loaded vehicle. The expression in tonne-
kilometers (transport performance) expresses the multiple of the weights of things and the distance 
traveled with these things. For this reason, the transport performance expressed in tkm would be 
discussed only. 
 
Table 3 
Development of road freight transport performance in selected European countries (mil. tkm) 
 
 
 
The development of transport performance in freight road transport was not uniform. It may be 
noted that Western European countries have experienced decrease of transport performance 
(Netherland, France and Italy). On the contrary, East European countries recorded increase of 
transport performance (Romania, Bulgaria and Hungary). The most noticeable growth was recorded 
for Poland, where - despite the economic crisis - the transport performance grew. 
For the trend of change to be graphically clear, the countries were divided into two groups. The 
first group consists of countries with a transport performance of less than 100,000 mil. tkm/year 
(Fig. 4), and the second group with a transport performance of more than 100,000 mil. tkm/year 
(Fig. 5). 
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Fig. 4. Developments in road freight transport performance of countries with a transport capacity of less than  
           100,000 mil. tkm 
 
 
 
Fig. 5. Developments in road freight transport performance of countries with transport capacity over 100,000  
           mil. tkm 
 
The performance of rail freight operations for selected states together is shown in Fig. 6. The 
significant growth is visible between 2010 and 2011. Subsequent decline can be stated a year later. 
From 2012, slight increase is visible, and it increases until 2015 when a decline occurred. 
In the case of rail transport, the development of transport performance and the length of 
infrastructure is differentiated. A similar behavior is recorded between 2011 and 2012, when 
significant fall in both indicators occurred. Since 2012, rail transport performance has grown. 
Infrastructure length shows an alternating fall and growth until 2016. 
 
 
 
Fig. 6. Development of rail freight transport performance for countries for the period 2010-2016 
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The table 4 contains data connected to rail freight transport performance. 
Table 4 
Development of rail freight transport performance in selected European countries (mil. tkm) 
 
 
 
As far as the development of freight transport performance in rail freight transport has grown 
almost in all countries, German performance was more pronounced. The decrease was recorded in 
seven countries (Estonia, Latvia, Luxembourg, Finland, Sweden, United Kingdom and Norway). The 
most pronounced decline was observed in case of Estonia. 
 
 
4. RESEARCH ON RELATIONSHIP BETWEEN THE PERFORMANCE OF FREIGHT  
    TRANSPORT AND TRANSPORT INFRASTRUCTURE IN THE COUNTRIES OF  
    EUROPE 
 
In the context of research on the relationship between freight transport performance and transport 
infrastructure in EU countries, methods of regression and correlation were used:  
- correlation analysis, 
- regression analysis. 
The variables in the correlation and regression analyses were chosen as follows: 
- dependent (explained) variable Y as transport performance, 
- independent (explanatory) variable X as the length of the infrastructure. 
After selection of variables, the correlation coefficient was calculated: 𝑟	 = $%&((,*),-∗,/ = (*00001(̅∗*03(400001	(̅4∗5*400001	*04     (1) 
To determine the correlation strength, the following criteria were identified: 
- weak dependence, if 0 < |𝑟| < 0.3; 
- middle dependence, if 0.3 ≤ |𝑟| < 0.8; and 
- strong dependence, if 0.8 ≤ |𝑟| < 1. 
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The dependency we have searched for was modeled by a linear function in the following form (line 
equation): 
y	=	a	+bx,       (2) 
where we do not know the coefficients of the line a (locating constant) and b, and we are looking 
for the variables X and Y. The following tables (Tab. 5 and 6) show the results of both analyzes. The 
significance level was selected at the level α = 0.01. 
 
Table 5 
Analysis results (road freight transport) 
 
 Country 
Correlation 
coefficient 
Determination 
coefficient 
Coefficient 
a 
Coefficient 
b 
P-value 
a 
P-value 
X 
Significance 
F 
strong direct 
dependence 
Bulgaria 0,9655 0,8911 0 1,166 x 0,000 0,000 
Poland 0,9252 0,9254 0 0,514 x 0,000 0,000 
Slovenia 0,8720 0,9667 0 0,405 x 0,000 0,000 
Lithuania 0,8094 0,9324 0 0,280 x 0,000 0,000 
middle direct 
dependence 
Norway 0,7411 0,9971 0 0,212 x 0,000 0,000 
Spain 0,6219 0,9936 0 1,439 x 0,000 0,000 
Slovakia 0,6021 0,9791 0 0,682 x 0,000 0,000 
Czechia 0,5947 0,9931 0 0,388 x 0,000 0,000 
Estonia 0,5550 0,9925 0 0,105 x 0,000 0,000 
Germany 0,3378 0,9985 0 1,374 x 0,000 0,000 
Switzerland 0,3131 0,9935 0 0,192 x 0,000 0,000 
weak direct 
dependence 
Sweden 0,1151 0,9738 0 0,194 x 0,000 0,000 
Croatia 0,0777 0,9852 0 0,386 x 0,000 0,000 
Ireland 0,0517 0,9312 0 0,137 x 0,000 0,000 
weak indirect 
dependence 
Luxembourg -0,0373 0,9964 0 3,169 x 0,000 0,000 
Hungary -0,0719 0,9631 0 0,165 x 0,000 0,000 
middle indirect 
dependence 
Netherlands -0,3355 0,9922 0 0,587 x 0,000 0,000 
U. Kingdom -0,3699 0,9947 0 0,366 x 0,000 0,000 
Romania -0,5187 0,9097 0 0,533 x 0,000 0,000 
Italy -0,6117 0,9257 0 0,633 x 0,000 0,000 
Latvia -0,7185 0,9595 0 0,201 x 0,000 0,000 
Finland -0,7608 0,9885 0 0,265 x 0,000 0,000 
Portugal -0,7615 0,9786 0 3,486 x 0,000 0,000 
Austria -0,7967 0,9289 0 0,250 x 0,000 0,000 
strong indirect 
dependence 
Belgium -0,8096 0,9789 0 0,242 x 0,000 0,000 
France -0,9075 0,9811 0 0,177 x 0,000 0,000 
Denmark -0,9140 0,9723 0 0,248 x 0,000 0,000 
 
Initially, it was created by a linear regression model for each country (25 models). Based on the 
comparison of significance level α= 0.1, with P-value a, linear regression model for each country was 
created (27 models). Based on the comparison of significance level α= 0.01, with P-value a, it was 
determined that the localizing constellation was not significant in 23 cases (road transport) and 21 
cases (railway transport). Because of this reason, it was decided to create linear regression models 
without a constant. The individual model components, the Determination Coefficient, the P-value of 
the independent variable as well as the P-value model as a whole (Significance F) can be found in tab. 
5 (Road Transport) and tab. 6 (Rail transport). 
Individual countries are ranked according to correlation coefficients, from the strongest direct 
dependence to the strongest indirect dependence. 
Results of the analyses listed in table 5 show that the interconnection of infrastructure with the 
development of road freight transport performance is varied in the observed countries. Based on our 
established criteria for determining the strength of the correlation, strong direct dependence was 
found in case of countries such as: Bulgaria, Poland, Slovenia and Lithuania. 
Middle direct dependence was observed in case of countries such as Norway, Spain, Slovakia, 
Czech Republic, Estonia, Germany and Switzerland. Sweden, Croatia and Ireland have a weak direct 
dependence. Weak indirect dependence was observed in case of countries such as Luxembourg and 
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Hungary. Middle indirect dependence was reached by countries such as Netherland, United 
Kingdom, Romania, Italy, Latvia, Finland, Portugal and Austria. 
Strong indirect dependence was observed in case of countries such as Belgium, France, and 
Denmark. 
The significance level of the whole model (Significance F) and the coefficient b (P - value x) was 
less than 0.01 for each model. The determination coefficient for all countries was higher than 0.89. As 
the determinant coefficients reached such high values, it can be argued that the explained variable is 
described at more than 89% (depending on the particular country). 
Table 6 
Analysis results (rail transport) 
 
 Country 
Correlation 
coefficient 
Determination 
coefficient 
Coefficient 
a 
Coefficient 
b 
P-value 
a 
P-value 
X 
Significance 
F 
middle 
direct 
dependence 
France 0,7695 0,9703 0 0,902 x 0,000 0,000 
Bulgaria 0,7440 0,9566 0 0,706 x 0,000 0,000 
Romania 0,6797 0,9887 0 0,692 x 0,000 0,000 
Slovakia 0,6663 0,9911 0 2,386 x 0,000 0,000 
Croatia 0,3884 0,9736 0 0,650 x 0,000 0,000 
Lithuania 0,3078 0,9941 0 6,168 x 0,000 0,000 
weak direct 
dependence 
Finland 0,2433 0,9953 0 1,124 x 0,000 0,000 
Hungary 0,1956 0,9744 0 0,949 x 0,000 0,000 
Netherlands 0,1935 0,9943 0 2,102 x 0,000 0,000 
Poland 0,1312 0,9969 0 1,343 x 0,000 0,000 
U. Kingdom 0,1237 0,9924 0 0,647 x 0,000 0,000 
Czechia 0,1229 0,9962 0 0,945 x 0,000 0,000 
Switzerland 0,0013 0,9926 0 3,255 x 0,000 0,000 
weak 
indirect 
dependence 
Sweden -0,0209 0,9980 0 1,415 x 0,000 0,000 
Spain -0,0514 0,9732 0 0,542 x 0,000 0,000 
Latvia -0,0658 0,9832 0 7,933 x 0,000 0,000 
Austria -0,1076 0,9900 0 3,802 x 0,000 0,000 
Estonia -0,1420 0,8015 0 2,816 x 0,000 0,000 
middle 
indirect 
dependence 
Norway -0,3168 0,9933 0 0,816 x 0,000 0,000 
Denmark -0,3724 0,9762 0 0,845 x 0,000 0,000 
Portugal -0,4764 0,9901 0 0,719 x 0,000 0,000 
Italy -0,4974 0,9864 0 0,894 x 0,000 0,000 
Germany -0,5569 0,9914 0 1,558 x 0,000 0,000 
Luxembourg -0,6372 0,6937 0 0,494 x 0,000 0,000 
Slovenia -0,6405 0,9768 0 1,697 x 0,000 0,000 
Ireland -0,6509 0,6363 0 0,061 x 0,000 0,000 
 
The following indicators were found for the investigated transport performance and rail 
infrastructure relationships. Strong direct and indirect dependence was not found, whereas middle 
direct dependence was stated in case of countries such as France, Bulgaria, Romania, Slovakia, 
Croatia and Lithuania. Moreover, it was also concluded that weak direct dependence occurred in 
case of countries such as Finland, Hungary, Netherlands, Poland, United Kingdom, Czech Republic 
and Switzerland. Weak indirect dependence was found for countries such as Sweden, Spain, Latvia, 
Austria and Estonia. Middle indirect dependence is for countries Norway, Denmark, Portugal, Italy, 
Germany, Luxembourg, Slovenia and Ireland. The significance level of the whole model (Significance 
F) and the coefficient b (P - value x) was less than 0.01 for all models. The determinant coefficient 
values were more than 0.9 for 23 of the researched countries. Values lower than 0.9 occurred only in 
case of Estonia (0.8015), Luxembourg (0.6937) and Ireland (0.6363). It can be argued that the 
explained variables are described at more than 90% (depending on the country). The year-to-year 
correlation between transmission capacity and infrastructure length for selected countries was 
calculated as the next step. This analysis is presented for both road and rail freight transport. 
In the graph given in Fig. 7, it can be seen that the strength of the relationship for road non-
transport for all the surveyed countries was gradually decreasing. In 2004, the correlation coefficient 
between transport performance and the length of the infrastructure reached a middle level of direct 
dependence (0.6043). In 2017, the correlation coefficient reached also a middle direct dependence 
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(0.545). Based on such data, it can be deduced that the dependence between the freight transport 
performance and the road freight infrastructure is weaker every consecutive year. 
 
 
 
Fig. 7. Development of the correlation coefficient for road transport and railways 
 
In case of rail transport, the development of the correlation force versus road haulage is different. 
The correlation coefficient has a strong direct dependence between 2004 and 2017. Increment of the 
correlation coefficient was recorded in 2006, 2010 and 2011. Since 2011, it has been gradually 
decreasing. In 2017, the correlation coefficient was 0.9008 (strong direct dependence). 
From this point of view, it can be deduced that the strength of the relationship between the length 
of the infrastructure and the transport performance gradually decreased. Table 7 shows the length of 
road infrastructure (Motorways) in selected European countries.  
Table 7 
Length of road infrastructure (Motorways) in selected European countries (km) 
 
 
 
Owing to the fact that a large part of the transport performance is realized in road freight transport 
on motorways, the correlation coefficients between the transport capacity and the length of the roads 
in road transport were calculated year to year (2004 – 2017, Fig. 8). 
In Fig. 8, it can be observed that the strength of the relationship for all surveyed countries for road 
freight was gradually decreasing. In 2004, the correlation coefficient between transport performance 
and the length of highways was analyzed as strong direct dependence (0.938). However, in 2017, the 
correlation coefficient reached only moderate direct dependence (0.7005). 
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Fig. 8. Development of correlation coefficient for road transport (motorway) 
 
When comparing the results of the correlation coefficients where the “Total” and “Motorway” data 
were used, it can be seen that the strength of the relationship is differentiated, as well as their course. 
The strength of the correlation between the transport performance and the length of the motorways 
was higher. On the contrary, the decrease is more pronounced than “Total” in this case. It can be 
deduced that the relationship between transport performance and motorways was stronger than with 
other types of roads (Total). 
 
5. CONCLUSION 
 
The contribution showed that the growth of road infrastructure (motorways mostly) lengths also 
contributed to transport performance, but the correlation decreased with moderate direct dependence 
only (0.7005). This means that transport performance increased despite the fact that the length of 
motorways did not increase. It should be noted that especially in Western European countries, the 
length of motorways did not increase significantly but affected their permeability by increasing the 
number of lanes, introducing intelligent transport systems, etc. In the Central and Eastern European 
countries, large volumes of transport operations are still carried out mainly on 1st class road. 
Moreover, the increase in transport performance in road freight transport was strongly linked to the 
growth of gross domestic product (GDP) [19]. 
The pace of construction in some countries unfortunately does not copy GDP growth and revenue 
into the state budget. The shift of construction dates and the completion of contiguous sections of 
motorways may have an influence, particular in international road freight transport, on the direction of 
transit traffic if other corridors exist. 
In rail transport, the correlation between 2004 and 2017 is roughly the same. The difference 
between 2004 and 2017 is very small - there is a small decrease. It should be noted that this is the total 
length of railway infrastructure, and the performance in rail transport does not change significantly 
among the countries under consideration. 
It would be interesting to examine the dependence between the length of the motorways and the 
transport performance per country, especially in road freight transport. The statistical indicators in the 
field of transport performance also are based on a selective statistical survey, where statistical offices 
address carriers registered in a given country, as the carriers relocate a large part of its operations 
abroad. 
Therefore, it is necessary to examine the use of built-up infrastructure on the basis of actual vehicle 
movement data. Data from toll systems, which should be made available in all countries without 
restriction for research purposes, are very appropriate. 
During the construction of the transport infrastructure, it is essential to build the necessary parking 
and other equipment for road freight transport. This would increase its use as well as road transport 
safety. Owing to the lack of road freight drivers in EU countries, there is the possibility of increasing 
the rate of growth of unmanaged combined transport and thereby increasing rail freight performance. 
This could in turn increase the use of rail transport infrastructure. It is important to mention that the 
importance of motorways is higher for transit countries. 
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In the next research, authors using multi-criteria regression could monitor which type of road 
network is significant for each country.  
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